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1. An alkaline battery having zinc alloy powder and an electrolyte, which contains 
a negative electrode material in which polyglyceryl fatty acid ester at 0.001 to 1 .0 parts by 
weight is added to said zinc alloy powder at 100 parts by weight. 

2. A negative electrode active material for an alkaline battery, which is formed by 
covering the surface of said zinc alloy powder with polyglyceryl fatty acid ester at 0.001 
to 0. 1 parts by weight relative to zinc alloy powder at 100 parts by weight. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

The present invention relates to an alkaline battery and a negative electrode active 
material thereof. In particular it relates to an alkaline battery and a negative electrode 
active material thereof, in which the amount of hydrogen gas evolution is reduced 
significantly by adding polyglyceryl fatty acid ester at 0.001 to 0.1 part by weight to zinc 
alloy powder, which is used as a negative electrode active material, at 1 00 parts by weight, 
or to an alkaline water solution, being an electrolyte, and also the battery performance is 
improved. 
[0004] 
[Prior Art] 

In an alkaline battery or the like, in which zinc is used as a negative electrode 
active material, since a strong alkaline electrolyte is used, such as a potassium hydroxide 
solution or the like, the battery must be sealed. This sealing of the battery is important, 
especially when aiming to miniaturize the battery. However, it means at the same time 
that hydrogen gas evolution due to the corrosion of zinc must be confined during storage 
of the battery. Accordingly, the pressure of the gas inside the battery increases during 
long term storage, so that the more completely it is sealed, the more dangers such as that 
of explosion arise. 
[0005] 

To deal with this, research has been performed to prevent zinc, being a negative 
electrode active material, from corroding, so as to decrease the hydrogen gas evolution 
inside the battery, and amalgamated zinc in which the hydrogen overvoltage of zinc is 
utilized has been solely used as a negative electrode active material As a result, the 
negative electrode active material of alkaline batteries on the market contains a large 
amount of mercury at approximately 3.0 percent by weight. The development of a battery 
with lower mercury content or no mercury has been strongly expected as a social demand. 
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[0006] 

Therefore, a range of proposals has been made regarding a zinc alloy powder in 
which a range of metals is added to zinc in order to reduce the mercury content in a 
battery, For example, there are a zinc alloy powder in which lead is added to mercury, a 
zinc alloy powder in which lead and indium are added to zinc (Japanese Unexamined 
Patent Publication No. Sho 58-181266), and the like. Furthermore, a zinc alloy powder is 
also proposed in which potassium, aluminum, and the like, are added. 
[0007] 

[Problems that the Invention is to Solve] 

In this manner, by using a zinc alloy powder, it is possible to retard the hydrogen 
gas evolution reliably even if the mercury content is reduced to some extent. However, on 
the other hand, when the mercury content is significantly reduced, an accompanying 
problem of deterioration in the discharge performance is manifested. That is, when the 
mercury content of a zinc alloy powder is reduced to approximately 0.1 to 0.2% in 
response to social demand, the incidence rate of hydrogen gas increases by approximately 
4 to 5 times in comparison with existing [powder] with a mercury content of 
approximately 3.0 percent by weight Moreover, the discharge performance deteriorates 
to approximately 80%. 
[0008] 

The cause of this can be considered to be as follows. 

[0009] 

That is, the following can be considered as the effects of the mercury in a battery. 

(1 ) It aids electrical contact between zinc alloy powder particles. 

(2) It suppresses the generation of a passivation film on the surface of the zinc alloy 
powder particles, and has an effect on the homogeneous dissolution of zinc. 

(3) It improves the corrosion resistance of zinc, and prevents the electrical contact between 
the zinc alloy powder particles from being obstructed by the hydrogen gas bubbles 
generated accompanying the corrosion of zinc 

[0010] 

However, in the case where the mercury content of zinc alloy powder particles 
reaches an extremely low mercury content, which is less than or equal to 0.2 percent by 
weight, it is considered that since the specific effects of mercury in item (3) cannot be 
exhibited sufficiently, the discharge performance deteriorates. 
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[0011] 

The present invention takes the above situation into consideration, with an object 
of providing an alkaline battery and a negative electrode active material thereof, in which 
the hydrogen gas evolution is retarded while the percentage content of mercury is reduced, 
and also the discharge performance is maintained at a high level. 
[0012] 

[Means of Solving the Problem] 

The present inventors accomplished the present invention by finding, as a result of 
keen research in accordance with the objects, that by adding a specified amount of 
polyglyceryl tatty acid ester to a negative electrode active material formed from zinc alloy 
powder, or an electrolyte formed from an alkaline water solution, an alkaline battery can 
be obtained in which the hydrogen gas evolution is retarded significantly in comparison 
with one that has no polyglyceryl fatty acid ester added, and the discharge performance is 
improved. 
[0013] 

That is, an alkaline battery of the present invention is an alkaline battery that has 
zinc alloy powder and an electrolyte, and has a negative electrode material, in which 
polyglyceryl fatty acid ester at 0.001 to 1.0 part by weight is added to the zinc alloy 
powder at 100 parts by weight. 
[0014] 

Hereunder is a further detailed description of the present invention. 

[0015] 

In the present invention, a zinc alloy powder used as a negative electrode active 
material is one that contains, for example, at least a certain amount of one of the following, 
starting with lead and aluminum, indium, magnesium, calcium, cadmium, tin, potassium, 
nickel, silver and the like. For a method of producing the zinc alloy powder, for example, 
a powder is used that is obtained by adding a prescribed amount of additional elements 
such as lead, aluminum, and the like, in a zinc melt as required, mixed and alloyed, and 
afterwards atomized by compressed air, pulverized and then sifted, and selected by size. 
The content of each of the additional elements in the zinc alloy powder is typically 0.001 
to 0.5 percent by weight. 
[0016] 
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In the present invention, when manufacturing the above-described zinc alloy 
powder, it may be acceptable to use amalgamated zinc alloy powder obtained by further 
adding a desired amount of mercury, amalgamated zinc alloy powder obtained by dry- 
amalgamating the zinc alloy powder with a desired amount of mercury using a V type mill, 
a rotation drum, or the like, for example, or an amalgamated zinc alloy powder obtained 
by wet-amalgamating the zinc alloy powder with a desired amount of mercury in a dilute 
alcohol solution such as potassium hydroxide, sodium hydroxide, or the like, for example. 
In this case, it is desirable that the percentage content of the mercury in the amalgamated 
zinc alloy powder is less than before, that is less than or equal to 3.0 percent by weight. 
However, considering low pollution, it is further desirable to be less than or equal to 1.5 
percent by weight. 
[0017] 

Furthermore, it is most preferable that a polyglyceryl fatty acid ester used in the 
present invention is one that is expressed by the following general expression. 

R-C-0 - (C H/-C H — C H rO ) n - C-R ' 

II 1 n II 

0 0 0 

I 

c = o 

I 

R ' 

[0018] 

R, R' and R" in the above expression each designate any one of the types of H, an 
alkyl group, and an alkenyl group, and R, R'and R" may be the same or different. Here, 
for R", there are n (Rj" to R„") depending on the value of n in the above expression, and 
these may also be the same or different. Here, the preferred range for the number of 
carbons in the groups expressed by R, R' and R" is I to 20. To be specific, an alkyl group 
such as a methyl group, an ethyl group, a propyl group, a butyl group, a pentyl group, a 
hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, an undecyl 
group, a dodecyl group, a tridecyl group, a tetradecyl group, a pentadecyl group, a 
hexadecyl group, heptadecyl group, an oetadecyl group, a nonadecyl group, an eicosyl 
group and the like, and an alkenyl group such as a cls-9- heptadecyl group and the like, 
can be listed. In particular, a heptadecyl group is preferable. 
[0019] 
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Moreover, n in the general expression designates an integer number of greater than 
or equal to 1, and preferably 6. 
[0020] 

The polyglyceryl fatty acid ester used in the present invention may be one type of 
polyglyceryl fatty acid ester, or a mixture of two or more types. 
[0021] 

In an alkaline battery of the present invention, the above-described polyglyceryl 
fatty acid ester is added to the zinc alloy powder and a negative electrode material having 
an electrolyte such as a potassium hydroxide water solution or the like. For the method of 
addition, examples of methods can be given in which zinc alloy powder is coated with 
polyglyceryl fatty acid ester, and it is then used as a negative electrode active material, or 
it is added to an electrolyte such as a potassium hydroxide water solution, a sodium 
hydroxide water solution or the like, or a gelling agent. However, in the present invention, 
it is most desirable from the points of retarding hydrogen gas evolution, and improving the 
discharge performance, to insert and mix zinc alloy powder in a solvent of toluene in 
which polyglyceryl fatty acid ester is added, and afterwards to dry and volatize the solvent 
to form a coating layer of polyglyceryl fatty acid ester on the surface of the zinc alloy 
powder, and use it as a negative electrode active material. 
[0022] 

In the present invention, the zinc alloy powder on the surface of which the above- 
described coating layer of polyglyceryl fatty acid ester is formed may also be 
amalgamated using a similar method to the aforementioned method of amalgamating zinc 
alloy powder, forming for use a coating layer in a state in which polyglyceryl fatty acid 
ester and mercury are mixed on the surface of the zinc alloy powder. Furthermore, 
mercury may also be added to and mixed in an electrolyte to form a negative electrode 
material together with the zinc alloy powder on the surface of which the coating layer of 
polyglyceryl fatty acid ester is formed. 
[0023] 

The additional amount of the polyglyceryl fatty acid ester added into the negative 
electrode material is 0.001 to 1 .0 part by weight relative to the zinc alloy powder at 100 
parts by weight. If the additional amount of the polyglyceryl fatty acid ester is less than 
0.00 1 part by weight, the effects of the present invention, of improving the corrosion 
resistance of zinc and retarding hydrogen gas evolution, cannot be obtained. If it exceeds 
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1.0 part by weight, during discharging the polyglyceryl fatty acid ester in the coating layer 
of poly glyceryl fatty acid ester formed on the surface of the zinc alloy powder in the 
electrolyte, and the like, becomes a barrier, so that the dissolution reaction of zinc is 
inhibited. Therefore excellent discharge performance cannot be obtained. 
[0024] 

These working effects due to polyglyceryl fatty acid ester are not determined 
sufficiently. However, it is assumed that since polyglyceryl fatty acid ester sticks to the 
surface of the zinc allow powder, and works as an inhibitor during the storage of a 
battery, there is an effect of improving the corrosion resistance, and hydrogen gas 
evolution accompanying the corrosion of zinc is retarded, and furthermore, adverse effects 
such as inhibiting electrical contact between zinc alloy powder particles due to hydrogen 
gas bubbles, which is conventionally seen during discharge, is suppressed, so that the 
discharge performance is improved. 
[0025] 
[Example] 

Hereunder is a specific description of the present invention based on examples and 
comparative examples. 
[0026] 

Examples 1 to 5 and Comparative Examples 1 to 3 

Zinc metal with a purity of 99.997% or greater was melted at approximately 500°C, 
each of the elements shown in Table 1 excluding mercury was added to it to produce a 
zinc alloy, and it was pulverized using high pressure argon gas. The powder was sifted to 
a range of grain sizes of 50 to 150 mesh to obtain zinc alloy powder. 
[0027] 

Next, mercury was added to the above-described powder in an alkaline water 
solution with 1 0% potassium hydroxide so as to get the content shown in Table 1, 
amalgamate processing was performed, and the amalgamated zinc alloy powder as shown 
in Table I was obtained. 
[0028] 

Next, in a toluene solvent in which polyglyceryl fatty acid ester [made by NOF 
Corporation, Product Name: Unigly GS-106, Composition: hexaglycerm ester stearate; 



II I b II 

0 0 0 

! 

c- 0 

I 

On H 35 

was added and dissolved, the amalgamated zinc alloy powder was dropped in and the 
toluene was dried and volatilized during mixing, a coating layer of polyglyceryl fatty acid 
ester with a ratio as shown in Table 1 was formed on the surface of the amalgamated zinc 
alloy powder, and a negative electrode active material was produced. 
[0029] 

Furthermore, an electrolyte was produced by adding carboxymethyl cellulose and 
sodium polyacrylate as gelling agents at approximately 1 .0% to potassium hydroxide 
water solution at 40 percent concentration, which was saturated with zinc oxide. 
[0030] 

A negative electrode material was formed by mixing 3.0g of the negative electrode 
active material and 1 .8g of the electrolyte obtained above into a gel state. Moreover, a 
positive electrode material was formed by mixing manganese dioxide and a conductive 
agent. By using the negative electrode material and the positive electrode material, an 
alkaline manganese battery as shown in FIG. 1 was produced, and a test was performed. 
[0031] 

The alkaline manganese battery of FIG. 1 comprises a positive electrode can 1, a 
positive electrode 2, a negative electrode (amalgamated zinc alloy powder which was 
made into a gel state) 3, a separator 4, a sealing piece 5, a negative electrode base plate 6, 
a negative electrode collector 7, a cap 8, a heat shrink resin tube 9, insulating rings 10 and 
1 1 , and an outer packaging can 12. 
[0032] 

Using the alkaline manganese battery, the discharge duration time until a final 
voltage of 0.9 V was reached was measured under discharge conditions of a discharge load 
of 2Q at 20°C, and shown as an index based on the measured value of a comparative 
example 1, using a conventional negative electrode material not including polyglyceryl 
fatty acid ester, being 100. The results are shown in Table 1. 
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[0033] 

Furthermore, using the above negative electrode material, the gas evolution rate (ml/g. 
day) at 60°C was measured for 20 days, and the results are listed in table 1 as an index 
based on the measured value of a comparative example 1, using a conventional negative 
electrode material not including polyglyceryl fatty acid ester, being 1.00. 
[0034] 
Example 6 

The discharge duration time and the gas evolution rate were measured using a 
similar method to example 2, except that after forming a coating layer of polyglyceryl 
fatty acid ester in the proportions shown in Table 1 on the surface of non amalgamated 
zinc alloy powder similar to that in example 2 employing polyglyceryl fatty acid ester 
[made by NOF Corporation, Product Name: Unigly GS-106, Composition: hexaglycerin 
ester stearate; 

C,7 H 3*-C-0~(CH 2 — CH-CH 2 -0) ft -C— C, 7 H 35 
II I b II 

0 0 0 

I 

c- 0 

I 

C, 7 H>* ] 

using a similar method to example 2 but without applying amalgamation processing, 
amalgamation treatment was applied so as to achieve the proportions shown in Table 1 
using a similar method to example 2, and the resultant was used as a negative electrode 
active material. The results are listed in Table 1. 
[0035] 
Example 7 

The discharge duration time and the gas evolution rate were measured using a 
similar method to example 2, except that after forming a coating layer of polyglyceryl 
fatty acid ester in the proportions shown in Table 1 on the surface of non amalgamated 
zinc alloy powder similar to that in example 2 employing polyglyceryl fatty acid ester 
[made by NOF Corporation, Product Name: Unigly GS-106, Composition: hexaglycerin 
ester stearate; 
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Cit H 3 s-C-0-(CH 2 — CII-CH2-0) ft -C— C17 H s* 
II f II 

0 0 0 

I 

c- 0 

I 

Ci 7 H 35 

using a similar method to example 2 but without applying amalgamation processing, 3.0g 
of the obtained negative electrode active electrode material and 3.0mg of mercury were 
added to 1 .8g of electrolyte similar to that in example 2, and mixed into a gel state to form 
a negative electrode material. The results are listed in Table 1 . 
[0036] 
Example 8 

The discharge duration time and the gas evolution rate were measured using a 
similar method to example 2, except that 3.0g of amalgamated zinc alloy powder similar 
to that in example 2, and 3.0mg of polyglyceryl fatty acid ester [made by NOF 
Corporation, Product Name: Unigly GS-106, Composition: hexaglycerin ester stearate; 

C,7 H *j-C~0-(CH 2 — CJ!-CH*-0) ft -C— C,7 H 3* 
II I 6 II 

0 0 0 

I 

c- 0 

I 

Cl7 fb, 

were added to 1 .8g of electrolyte similarly to example 2, mixed into a gel state to form a 
negative electrode material, and the results are listed in Table 1 . 
[0037] 
Table 1 



Example 
Comparative 
Example 


Additive amount of 
polyglyceryl fatty 
acid ester (parts by 
weight) *1 


Composition of 
zinc alloy powder 


Discharge 
time (index) 


Gas evolution 
rate (index) 


Example 1 


0.001 (coating) 


See Jap original 


125 


0.18 


Example 1 


0.1 (coating) 


See Jap original 


127 


0.15 
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Example 1 


1.0 (coating) 


See Jap original 


126 


0.14 


Example 1 


0.1 (coating) 


See Jap original 


126 


0.18 


Example 1 


0.1 (coating) 


See Jap original 


127 


0.10 


Example 6*2 


0.1 (coating) 


See Jap original 


128 


0.13 


Example 7 *3 


0.1 (coating) 


See Jap original 


128 


0.14 


Example 8 


0.1 (mixed) 


See Jap original 


100 


0.18 


Comparative 
Example 1 


- 


See Jap original 


98 


1. 00 


Comparative 
Example 2 




See Jap original 


125 


1.45 


Comparative 
Example 3 




See Jap original 
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*1: Amount relative to the above zinc alloy powder at 100 parts by weight. 

*2: After coating non-amalgamated zinc alloy powder with polyglyceryl fatty acid ester, 

amalgamate processing was performed. 

*3: After coating non-amalgamated zinc alloy powder with polyglyceryl fatty acid ester, 
mercury was added to the electrolyte such that it had 0.1 percent by weight of zinc alloy 
powder. 
[0038] 

As shown in Table 1, examples 1 to 4 used a negative electrode material whose 
negative electrode active material was amalgamated zinc alloy powder with a mercury 
content of 0. 1 percent by weight coated with polyglyceryl fatty acid ester, and the 
hydrogen gas evolution rate was significantly reduced regardless of the difference in the 
composition of the amalgamated zinc alloy powder serving as a negative electrode active 
material, compared with comparative examples 1 and 2 in which polyglyceryl fatty acid 
ester was not added to the negative electrode material, and furthermore alkaline batteries 
incorporating this negative electrode material had excellent discharge performance. 
[0039] 

Moreover, in example 5, a negative electrode material was used whose negative 
electrode active material was amalgamated zinc alloy powder with a mercury content of 
1 .0 percent by weight, coated with polyglyceryl fatty acid ester. In this case also, 
compared with comparative example 3 in which polyglyceryl fatty acid ester was not 
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added to the negative electrode active material, the discharge performance of an alkaline 
battery incorporating this negative electrode active material was improved, and the 
hydrogen gas evolution rate was significantly reduced. 
[0040] 

Furthermore, in example 6, a negative electrode material was used whose negative 
electrode active material was formed by applying amalgamate processing after coating the 
surface of non-amalgamated zinc alloy powder with polyglyceryl fatty acid ester. In this 
case also, the hydrogen gas evolution rate was significantly reduced, and an alkaline 
battery incorporating this negative electrode active material had an excellent discharge 
performance. 
[0041] 

In example 7, a negative electrode material was used that was obtained from a 
negative electrode active material formed by coating the surface of non-amalgamated zinc 
alloy powder with polyglyceryl fatty acid ester, adding it to an electrolyte with mercury, 
and mixing. In this case also, a significant reduction in the hydrogen gas evolution rate, 
and an improvement in the discharge performance of an alkaline battery incorporating this 
negative electrode material were prominent 
[0042] 

In example 8, a negative electrode material was used that was formed by adding 
and mixing a specified amount of polyglyceryl fatty acid ester into an alkaline water 
solution, which was an electrolyte. In this case as well, there was an effect of retarding 
the hydrogen gas evolution, and furthermore, there was also an effect of improving the 
discharge performance of an alkaline battery incorporating this negative electrode material. 
[0043] 

As described above, using an alkaline battery of the present invention, which has a 
negative electrode material to which a specified amount of polyglyceryl fatty acid ester is 
added, in the case where the mercury content is lower than conventionally, specifically, 
even in the case of an ultra-low amount of mercury, in which the mercury content is 0.2 
percent by weight or less of the zinc alloy powder used, the hydrogen gas evolution in the 
battery is retarded significantly, and also the battery performance is improved. 
Furthermore, since the mercury content can be lower than conventionally, it also satisfies 
a social demand. In particular, by using a negative electrode active material in which zinc 
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alloy power is coated with a specified amount of polyglyceryl fatty acid ester, the effects 

are even more prominent. 

[0044] 

Brief Description of the Drawings 

FIG. 1 shows a sectional side view of an alkaline manganese battery according to 
the present invention. 
1 : Positive Electrode Can 
2: Positive Electrode 
3: Negative Electrode 
4: Separator 
5: Sealing Piece 

6: Negative Electrode Base Plate 
7: Negative Electrode Collector 
8: Cap 

9: Heat Shrink Resin Tube 
10, 1 1: Insulating Ring 
12: Outer Packaging Can 
FIGURE 1 
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